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LUBRICANT AMOUNT CONTROL APPARATUS AND LUBRICANT AMOUNT 
CONTROL METHOD FOR POWER TRANSMISSION MECHANISM 

INCORPORATION BY REFERENCE 
[0001] The disclosures of Japanese Patent Application No. 2002-297632 

filed on October 10, 2002 and Japanese Patent Application No. 2002-350187 filed on 

5 December 2, 2002, including the specification, drawings and abstract are incorporated 

herein by reference in their entirety, 

BAC K GR O UND OF THE INVENTION 
1 . Field of the Invention 
10 [0002] The invention relates to a technology for controlling a lubricant 

amount supplied to a power transmission mechanism of a vehicle. More particularly, 
the invention relates to a technology for making a lubricant amount appropriate based 
on energy input to a power transmission mechanism. 

15 2. Description of the Related Art 

[0003] When power of a vehicle is transmitted from a power source (an 
engine, a motor, or the like) to driving wheels, loss of power occurs in a power 
transmission mechanism. The power transmission mechanism is, for example, a 
transmission, a differential gear, or a transfer. The lubricant is supplied to the power 

20 transmission mechanism in order to suppress heat generation due to the loss of power. 

[0004] In this case, if an unnecessarily excessive amount of lubricant is 
supplied, cooling eflRciency may be decreased due to heat generation caused by 
agitation resistance of the lubricant. Also, if such an excessive amount of lubricant is 
supplied, an output of an oil pump is increased, friction loss of the oil pump is 

25 increased, and fuel consumption efficiency of a power source is decreased. 

Meanwhile, if a sufficient amount of lubricant is not supplied, a life span of a 
component of the power transmission mechanism such as a clutch, a gear, or a 
bearing, is reduced due to heat generation. Therefore, related art for solving these 
problems is disclosed. 

30 [0005] Related art of the invention (first related art) relates to a lubricant 

amoimt control apparatus for supplying lubricant to a bearing which supports a main 
shaft. The lubricant amount control apparatus calculates a supply amount of lubricant 



2 

based on a detected rotational speed of the main shaft. According to the lubricant 
amount control apparatus, the supply amount of lubricant is calculated based on the 
rotational speed of the main shaft and the calculated amount of lubricant is supplied, 
whereby the bearing of the main shaft is lubricated efficiently. 
5 [0006] Also, another related art (second related art) relates to a lubricant 

amount control apparatus which makes it possible to obtain both high operation 
performance and high lubrication performance of an engine. The apparatus controls 
opening/closing of a control valve which opens/closes an air introducing portion 
which is connected to an oil suction passage of the oil pump or a crank case of the 

1 0 engine. According to the lubricant amount control apparatus, when the control valve 
is opened/closed based on an operation state of the engine, the suction/discharge 
resistance of the oil pump is increased and decreased. For example, when the vehicle 
is in a state where much engine output is not required, the air introducing portion is 
opened, and the oil pump's capability of sucking/discharging lubricant is decreased. 

15 At this time, a lubricant amount is decreased to an amount corresponding to the 

engine output. Meanwhile, when the vehicle is in the state where much engine output 
is required, the air introducing portion is closed, and the oil pump's capability of 
sucking/discharging lubricant is increased. At this time, the lubricant amotmt is 
increased to an amount corresponding to the engine output. In this manner, the 

20 lubricant amount control apparatus can supply, to the engine, the lubricant amount 
corresponding to the operation state of the engine. 

[0007] Further related art (third related art) relates to a lubricant amount 
control apparatus including a lubricating device which recovers heat generated in a 
shifting mechanism of an automatic transmission using the lubricant. The apparatus 

25 detects an operating state of the shifting mechanism, determines the lubricant amount 
according to a heat generation amount in the shifting mechanism that is calculated 
based on the operating state of the shifting mechanism, and supplies the lubricant to 
the shifting mechanism according to the lubricant amount. According to the lubricant 
amount control apparatus, the heat generation amount in the shifting mechanism is 

30 calculated based on the operating state of the shifting mechanism, and the lubricant 
amount required for cooling the shifting mechanism is determined. When the 
lubricant amount thus determined is supplied to the shifting mechanism, an increase 
in a temperature of the shifting mechanism is suppressed. Also, since the lubricant of 
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an amount required and sufficient for cooling is supplied, a decrease in the power 
transmission efficiency due to the agitation of the lubricant is prevented. 

[0008] However, each of the control apparatuses according to the above 
related art has a problem that the lubricant amount in the power transmission 
5 mechanism cannot be made appropriate. 

[0009] The lubricant amount control apparatus according to the first 
related art calculates the supply amoimt of lubricant according to the rotational speed 
of the main shaft. Therefore, there is a problem that the appropriate supply amount 
corresponding to the heat generation amount cannot be calculated. 
10 [0010] The lubricant amount control apparatus according to the second 

related art controls the lubricant amount in the engine. Therefore, there is a problem 
that the apparatus as it is cannot be applied to the power transmission mechanism 
which has a configuration different fi"om that of the engine. 

[0011] The lubricant amount control apparatus according to the third 
15 related art supplies, to the shifting mechanism, the lubricant of an amount calculated 
based on the operating state of the shifting mechanism. Therefore, there is a problem 
that lubrication corresponding to the operating state of the power source is not 
performed, and the shifting mechanism cannot be appropriately cooled. 

20 SUMMARY OF THE TNVRNTTON 

[0012] A first aspect of the invention relates to a lubricant amoxmt control 
apparatus for a power transmission mechanism. The lubricant amount control 
apparatus includes an input energy calculating device which calculates energy input to 
the power transmission mechanism; a supply amount calculating device which 

25 calculates a supply amount of lubricant based on the input energy; and a controller 
which controls a lubricating device for supplying lubricant such that the calculated 
supply amount of lubricant is supplied to the power transmission mechanism. 

[0013] Also, a second aspect of the invention relates to a lubricant amount 
control method for a power transmission mechanism. The lubricant amount control 

30 method includes the steps of calculating energy input to a power transmission 

mechanism of a vehicle; calculating a supply amount of lubricant based on the input 
energy; and controlling a lubricating device for supplying lubricant such that the 
calculated supply amoxmt of lubricant is supplied to the power transmission 
mechanism. 



4 

[0014] According to the above lubricant amount control apparatus and 
lubricant amount control method for a power transmission mechanism, the lubricant is 
supplied to the power transmission mechanism based on the energy input thereto. 
Therefore, it is possible to efficiently cool components of the power transmission 
5 mechanism (a gear, a bearing, and the like). Also, since an unnecessarily excessive 
amount of lubricant is not supplied, it is possible to suppress consumption of driving 
energy supplied by a power source (an engine, a motor, or the like) for driving a 
hydraulic device. Thus, the lubricant amount can be made appropriate based on the 
energy input to the power transmission mech£inism. 

10 [0015] A third aspect of the invention relates to a lubricant amount control 

apparatus for a power transmission mechanism. The lubricant amount control 
apparatus includes an input energy calculating device which calculates energy input to 
a power transmission mechanism; a lubricant temperature detecting device which 
detects a lubricant temperature; a supply amount calculating device which calculates a 

15 supply amount of lubricant based on the input energy and the lubricant temperature; 
and a controller which performs control such that the calculated supply amount of 
lubricant is supplied to the power transmission mechanism. 

[0016] A fourth aspect of the invention relates to a lubricant amount 
control method for a power transmission mechanism. The lubricant amount control 

20 method includes the steps of calculating energy input to a power transmission 
mechanism of a vehicle; detecting a lubricant temperature; calculating a supply 
amount of lubricant based on the input energy and the lubricant temperature; and 
performing control such that the calculated supply amount of lubricant is supplied to 
the power transmission mechanism. 

25 [0017] According to the lubricant amount control apparatus and the 

lubricant amount control method for a power transmission mechanism, the lubricant 
of an amount required and sufficient for cooling the power transmission device is 
supplied. Therefore, an unnecessarily excessive amount of lubricant is not supplied, 
and the accuracy of lubrication can be improved. Thus, the lubricant amount can be 

30 made appropriate based on the energy input to the power transmission. 



BRIEF DESCRIPTION OF THE DRAWTNGS 
[0018] The above mentioned embodiment and other embodiments, 
objects, features, advantages, technical and industrial significance of this invention 
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will be better understood by reading the following detailed description of the 
exemplary embodiments of the invention, when considered in connection with the 
accompanying drawings, in which: 

FIG. 1 is a control block diagram showing a lubricant amount 
5 control appEiratus according to a first embodiment of the invention; 

FIG. 2 is a diagram showing a drive train including an automatic 
transmission according to the first embodiment of the invention; 

FIG. 3 is an operation table of engagement elements included in the 
automatic transmission according to the first embodiment of the invention; 
10 FIG. 4 is a diagram showing a lubrication circuit according to the 

first embodiment of the invention; 

FIG. 5 is a diagram showing transmission efficiency of a torque 
converter according to the first embodiment of the invention; 

FIG. 6 is a diagram showing a relation between energy input to a 
1 5 shifting mechanism and a heat generation amount in the shifting mechanism 
according to the first embodiment of the invention; 

FIG. 7 is a diagram showing a relation between the heat generation 
amount and a lubricant amount in the shifting mechanism according to the first 
embodiment of the invention; 
20 FIG. 8 is a flow chart showing a procedure of processing 

performed by a lubricant amount control apparatus according to the first embodiment 
of the invention; 

FIG. 9 is a diagram showing a relation between a temperature and a 
viscosity of lubricant supplied by the lubricant amount control apparatus shown in 
25 FIG. 1; 

FIG. 10 is a diagram showing a relation between a temperature and 
an amount of the lubricant supplied by the lubricant amount control apparatus shown 
in FIG. 1 ; and 

FIG. 11 is a flow chart showing a procedure of processing 
30 performed by a lubricant amount control apparatus according to a second embodiment 
of the invention. 



DETAILED DESCRIPTION OF THR PREFERRED EMBODIMENTS 
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[0019] In the following description and the accompanying drawings, the 
present invention will be described in more detail in terms of exemplary 
embodiments. 

[0020] Hereinafter, a first embodiment of the invention will be described. 
5 FIG. 1 is a control block diagram showing a lubricant amount control apparatus 

according to the first embodiment of the invention. A vehicle in which this apparatus 
is mounted includes an engine 106, a torque converter 104, an automatic transmission 
200, an electronically controlled automatic transmission-electronic control unit 
(hereinafter, referred to as an ECT-ECU) 100, and sensors which are connected to the 

10 ECT-ECU 100. The automatic transmission 200 includes an oil pump 400, a pressure 
adjusting valve 130, a linear solenoid valve 134, and a shifting mechanism 202. They 
are connected via a lubrication circuit, which will be described later. 

[0021] In the engine 106, a coolant sensor 1 10, a throttle opening sensor 
1 14, and an engine rotational speed sensor 1 16 are provided. In the automatic 

15 transmission 200, an input rotational speed sensor 1 1 8, an output rotational speed 
sensor 120, and a lubricant temperature sensor 122 are provided. 

[0022] The ECT-ECU 100 receives signals from the throttle opening 
sensor 114, the engine rotational speed sensor 116, the input rotational sensor 1 18, the 
output rotational speed sensor 120, and the lubricant temperature sensor 122. 

20 [0023] FIG. 2 is a diagram showing a structure of a drive train of the 

vehicle including the automatic transmission according to the embodiment of the 
invention. Referring to FIG. 2, output torque of the engine 102 is transmitted to the 
shifting mechanism 202 by the torque converter 104. The shifting mechanism 202 
includes plural friction engagement elements (BO, CO, and the like), gears (gears 204 

25 to 210) and bearings (not shown). An engagement state of each of the friction 

engagement elements is switched such that a predetermined shift speed is achieved. 
The predetermined shift speed is transmitted to an output shaft 160 as torque. The 
gears 204 to 210 are rotated according to the achieved shift speed. 

[0024] When the shifting mechanism 202 thus configured transmits 

30 energy, energy loss occurs in the friction engagement element, the gear, the bearing, 
or the like (hereinafter, referred to as "a rotation element"). In other words, if slip 
occurs in the rotation element, energy corresponding to the slip is not output from the 
automatic transmission 200 as rotation energy. Therefore, heat is generated in the 
rotation element. 
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[0025] FIG. 3 is an operation table of engagement elements included in the 
automatic transmission according to the embodiment of the invention. "CO" to "C2" 
and "BO" to "B4" are friction engagement elements. A circle indicates that an 
engagement element is in an engagement state. The torque input to the automatic 
5 transmission 200 is transmitted via these engagement elements. A double circle 

indicates that a friction engagement element is in an engagement state when an engine 
brake is applied. A triangle indicates that a friction engagement element is engaged, 
but torque is not transmitted. 

[0026] For example, when a first shift speed is achieved in the vehicle, 

10 torque input to the friction engagement elements "CO" and "CI" is transmitted to the 
output shaft of the automatic transmission 200. In this case, when torque loss occurs, 
heat is generated in the friction engagement elements "CO" and "CI". 

[0027] Referring to FIG. 4, the lubrication circuit which supplies lubricant 
to the shifting mechanism according to the embodiment of the invention will be 

15 described. The ECT-ECU 100 controls a hydraulic pressure of the lubricant 

discharged from the oil pump 400 by outputting a signal to the pressure adjusting 
valve 130. The ECT-ECU 100 controls the supply amount of lubricant supplied to the 
shifting mechanism 202 by outputting a signal to the linear solenoid valve 134. A 
device which controls the lubricant is not limited to the linear solenoid valve 134. For 

20 example, an ON-OFF solenoid valve or a variable orifice may be employed. The 
gears 204 to 210 (shown in FIG. 2) or the bearings (not shown) included in the 
shifting mechanism 202 are cooled by the lubricant, the supply amount of which is 
controlled in the above-mentioned manner. 

[0028] Also, the oil pump 400 is not limited to a specific type of pump. A 

25 capacity switching pump in which a discharge pressure or a discharge amount can be 
switched (for example, a vane pump) may be employed. By using such a pump, it is 
possible to control the lubricant amount supplied to the shifting mechanism 202 more 
strictly. 

[0029] Referring to FIG. 5, characteristics of the torque converter 104 
30 according to the embodiment of the invention will be described. A speed ratio e 

shown in a horizontal axis shows a ratio between the input rotational speed and the 
output rotational speed of the torque converter 104. When the torque converter 104 is 
in a lock up state, the speed ratio is 1 . In other words, the input rotational speed and 
the output rotational speed of the torque converter 104 are the same. At this time. 
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transmission efficiency with which torque is transmitted by the torque converter 104 
is 100 %, and energy loss does not occur. When the transmission efficiency is less 
than 100 %, heat is generated due to torque loss, and a temperature of the torque 
converter 104 is increased. 
5 [0030] Referring to FIG. 6, a relation between energy input to the 

automatic transmission 200 and a heat generation amount in the automatic 
transmission 200 according to the embodiment of the invention will be described. 

[0031] FIG. 6 shows that the heat generation amount in the automatic 
transmission 200 is proportional to the energy input to the automatic transmission 
1 0 200. The heat generation amount corresponds to the energy loss in the automatic 

transmission 200. When the energy loss is proportional to the input energy, the heat 
generation amount is proportional to the input energy, as shown in FIG. 6. 

[0032] FIG. 7 shows a relation between the heat generation amount and 
the lubricant amount in the shifting mechanism 202 according to the embodiment of 
15 the invention. This relation may be stored in the ECT-ECU 100 in advance. 

Alternatively, the lubricant amount may be calculated when the operating state of the 
automatic transmission 200 is detected. 

[0033] Referring to a flow chart in FIG. 8, a procedure of processing 
performed by the lubricant amount control apparatus according to the embodiment of 
20 the invention will be described. 

[0034] In step SI 02, the ECT-ECU 100 detects the rotational speed and 
the throttle opening of the engine 1 06. 

[0035] In step SI 04, the ECT-ECU 100 calculates the output torque of the 
engine 106 based on the input signals from the sensors. This calculation is performed, 
25 for example, based on the throttle opening, an intake air amount or a fuel injection 
amount. 

[0036] In step SI 06, the ECT-ECU 100 detects the operafing state of the 
automatic transmission 200 (for example, the input rotational speed, the output 
rotational speed, and the lubricant temperature) based on the input signals firom the 
30 sensors. 

[0037] In step S108, the ECT-ECU 100 calculates torque input to the 
automatic transmission 200 based on the output torque of the engine 106 that is 
calculated in step SI 04, and the efficiency of the torque converter 104. The efficiency 
of the torque converter 104 is calculated based on the speed ratio of the torque 
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converter 104 (shown in FIG. 5), that is, based on the rotational speed of the engine 
1 06 and the input rotational speed of the automatic transmission 200 (a turbine 
rotational speed of the torque converter 1 04). 

[0038] In step S 1 1 0, the ECT-ECU 1 00 calculates the energy input to the 
5 automatic transmission 200 based on the torque input to the automatic transmission 
200 and the input rotational speed of the automatic transmission 200. 

[0039] In step S 11 2, the ECT-ECU 1 00 calculates the appropriate 
lubricant amount based on the calculated input energy and the energy transmission 
efficiency of the shifting mechanism 202. In other words, the heat generation amount 
10 in the automatic transmission 200 is calculated based on the input energy. This 

calculation is performed based on the relation shown in FIG. 6. The lubricant amount 
is calculated based on the heat generation amount. This calculation is performed 
based on the relation shown in FIG. 7. The transmission efficiency may be set to an 
efficiency calculated in advance, or the transmission efficiency may be corrected 
15 based on the operating state of the automatic transmission 200 (for example, the 

lubricsint temperature). Alternatively, the lubricant amount may be corrected based 
on the operating state of the automatic transmission 200. 

[0040] In step SI 14, the ECT-ECU 100 outputs, to the linear solenoid 
valve 134, a designated value (for example, designated current) corresponding to the 
20 calculated lubricant amount. The linear solenoid valve 134 controls the discharge 
pressure of the lubricant based on the designated value. The lubricant is supplied to 
the gears 204 to 210, the bearings, or the like. 

[0041] An operation of the lubricant amount control apparatus according 
to the embodiment of the invention will be described. The operation is performed 
25 based on the above-mentioned structure and flow chart. 

[0042] First, a case where the vehicle is running at a constemt speed will be 
described. When the engine rotational speed and the throttle opening are detected 
while the vehicle is running (SI 02), the output torque of the engine 106 is calculated 
(SI 04). When the input/output rotational speeds of the automatic transmission 200 
30 and the lubricant temperature are detected (SI 06), the torque input to the automatic 
transmission 200 is calculated based on the output torque of the engine 106 and the 
transmission efficiency of the torque converter 104 (SI 08). 

[0043] The energy input to the automatic transmission 200 is calculated 
based on the calculated input torque and the detected input rotational speed (SI 10). 



10 

The lubricant amount supplied to the shifting mechanism 202 is calculated based on 
the input energy and energy transmission efficiency in the shifting mechanism 202 
(SI 12). The designated value corresponding to the lubricant amount is output to the 
linear solenoid valve 1 34 (SI 14). The supply amount of lubricant is adjusted by the 
5 linear solenoid valve 134, and the adjusted amount of lubricant is supplied to the 
shifting mechanism 202. 

[0044] Subsequently, a case where the vehicle is running under a high load 
will be described. When the driver depresses an accelerator pedal after the vehicle is 
running at a constant speed, and the output of the engine 106 is increased, the 
10 increased rotational speed of the engine 106 and the throttle opening are detected 

(SI 02), and the output torque of the engine 106 is calculated. The operating state of 
the automatic transmission 200 is detected (SI 06), and the input torque of the 
automatic transmission 200 is calculated (SI 08). Then, the input energy is calculated 
(SI 10). 

1 5 [0045] The lubricant amount during running under a high load is 

calculated based on the input energy (SI 12), and then the lubricating device supplies 
the lubricant to the shifting mechanism 202 based on the calculated amount. In other 
words, a larger amount of lubricant is supplied as compared with the case where the 
vehicle is running at a constant speed. When the driver retums the accelerator pedal 

20 after the vehicle is accelerated, the lubricant amount corresponding to the running 
state at this time is calculated, and the calculated amount of lubricant is supplied to 
the shifting mechanism 202. 

[0046] Thus, according to the lubricant amount control apparatus in the 
embodiment of the invention, the appropriate lubricant amount can be calculated 

25 based on the energy input to the automatic transmission 200. Therefore, the lubricant 
amount in the automatic transmission 200 can be made appropriate. When the 
automatic transmission 200 is lubricated in this manner, it is possible to prevent a 
reduction in the life span of the component of the power transmission mechanism, 
such as the friction engaging element or the bearing. Also, an unnecessarily excessive 

30 amount of lubricant is not supplied, driving of the oil pump can be suppressed. As a 
result, it is possible to provide the lubricant amount control apparatus which can make 
the lubricant amount appropriate based on the energy input to the power transmission 
mechanism. 
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[0047] In the embodiment, the input energy is proportional to the heat 
generation amount (FIG. 6). However, it is not necessary that the input energy be 
proportional to the heat generation amount (a rate of change in the heat generation 
amount with respect to the input energy be constant) in all regions. In other words, 
5 when the relation between the input energy and the heat generation amount is 

represented by a non-linear line (i.e., when the rate of change in the heat generation 
amount changes), the non-linear line may be made approximate to a straight line by 
interpolation such that the proportionality relation can be obtained. 

[0048] The supply amount of lubricant supplied to the automatic 
10 transmission 200 may be obtained by correcting a reference amount shown in FIG. 7. 
For example, the lubricant amount may be corrected based on the operating state of 
the automatic transmission 200 or the engine 106. Thus, the lubricant amount 
supplied to the automatic transmission 200 can be made appropriate. 

[0049] A second embodiment of the embodiment will be described. A 
15 lubricant amount control apparatus according to the second embodiment has the same 
hardware configuration as that of the lubricant amount control apparatus according to 
the first embodiment. Therefore, detailed description thereof will be omitted. 

[0050] Referring to FIG. 9, a relation between a temperature and a 
viscosity of lubricant supplied by the lubricant amoimt control apparatus according to 
20 the embodiment will be described. As shown in FIG. 9, the viscosity of the lubricant 
is high when the lubricant temperature is low, and is low when the lubricant 
temperature is high. Accordingly, when the lubricant temperature is low, the 
operation efficiency of the automatic transmission 200 may be decreased due to the 
viscous resistance of the lubricant. Meanwhile, since an oil film forming property of 
25 the lubricant is decreased when the lubricant temperature is high, a state of a friction 
surface of the component of the automatic transmission 200 is changed from a fluid 
film lubrication state to a boundary lubrication state, which may cause seizure. 

[0051] Referring to FIG, 10, a relation between a temperature and an 
amount of the lubricant when input energy is constant will be described. This relation 
30 is stored in the ECT-ECU 100 in advance, for example, as map information by input 
energy region. 

[0052] As shown in FIG. 10, when the lubricant temperature is equal to or 
lower than a temperature Tmin, a required lubricant amount is Lmin (as shown by a 
dashed line (a)). The lubricant amount Lmin is a minimum lubricant amount that is 
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required for lubricating the automatic transmission 200. In other words, since the 
automatic transmission 200 does not need to be cooled by the lubricant when the 
temperature of the automatic transmission 200 is low, it is necessary to supply only 
the lubricant amount required (i.e., the lubricant amount Lmin) for preventing, for 
5 example, the seizure of a rotating portion of the automatic transmission 200. 

[0053] When the lubricant temperature is in a range from the temperature 
Tmin to the temperature Tmax, the vehicle is normally rurming. In this case, an oil 
cooler (not shown) is also normally operated, and the lubricant is appropriately 
cooled. Therefore, the lubricant amount in a range from the amount Lmin to the 
10 amount Lmax (as shown by a straight line (b)) is supplied to the automatic 
transmission 200. 

[0054] When the lubricant temperature is equal to or higher than a 
temperature Tmax, for example, it is considered that the oil cooler or the like in the 
lubrication circuit is in an abnormal state. In this case, the maximum lubricant 

15 amount that the oil pump 400 can discharge (as shown by a chain double-dashed line 
(c)) is supplied to the automatic transmission 200 in order to delay seizure of the 
rotating portion or the other damage as much as possible. 

[0055] Referring to FIG. 1 1 , a control structure of a program performed by 
the lubricant amount control apparatus according to the embodiment will be 

20 described. In a flow chart shown in FIG. 11, the same processes as in the flow chart 
shown in FIG. 8 are denoted by the same step numbers. Since the same processes are 
performed in the steps denoted by the same numbers, description thereof will be 
omitted. 

[0056] In step S207, the ECT-ECU 100 determines whether or not the 
25 lubricant temperature is equal to or higher than the minimum limit value. When it is 
determined that the lubricant temperature is equal to or higher than the minimum limit 
value (i.e., an affirmative determination is made in step S207), the process proceeds to 
step S208. When it is determined that the lubricant temperature is lower than the 
minimum limit value (i.e., a negative determination is made in step S207), the process 
30 proceeds to S2 1 6. 

[0057] In step S208, the ECT-ECU 1 00 determines whether or not the 
lubricant temperature is equal to or lower than the maximum limit value. When it is 
determined that the lubricant temperature is equal to or lower than the maximum limit 
value (i.e., an affirmative determination is made in step S208), the process proceeds to 
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step SI 08. On the other hand, when it is determined that the lubricant temperature is 
higher than the maximum limit value (i.e., a negative determination is made in step 
S208), the process proceeds to step S214. 

[0058] In step S212, the ECT-ECU 100 calculates the lubricant amount 
5 based on the input energy, the energy transmission efficiency, and the lubricant 

temperature. This calculation is made based on map information composed of the 
input energy, the lubricant temperature, and the lubricant amount. 

[0059] In step S214, the ECT-ECU 100 calculates the maximum lubricant 
amount. The maximum lubricant amount is the maximum amount of the lubricant 
10 that the oil pump 400 can supply. This maximum lubricant amount is stored in the 
ECT-ECU 100 in advance. 

[0060] In step S216, the ECT-ECU 100 calculates the minimum lubricant 
amount. The minimum lubricant amount is the minimum amount of lubricant that is 
required for preventing, for example, seizure of the operating portion of the automatic 
15 transmission. The minimum lubricant amount is stored in the ECT-ECU 100 in 
advance. 

[0061] An operation of the lubricant amount control apparatus according 
to the embodiment of the invention v^ill be described. The operation is performed 
based on the above-mentioned structure and flow chart. Each of cases where the 

20 lubricant temperature is normal, low, and high will be described. The normal 

temperature is a lubricant temperature that is detected when the vehicle is normally 
running. The low temperature is a lubricant temperature that is detected when the 
vehicle starts rurming. The high temperature is a lubricant temperature that is 
detected when the lubricant is not appropriately cooled due to an abnormal state of the 

25 oil cooler or the like, or when the engine 104 or the shifting mechanism 202 is in an 
abnormal state. Description of the same operation as in the first embodiment will be 
omitted. 

[0062] A case where the lubricant temperature is normal will be described. 
An operating state of the automatic transmission 200 is detected while the vehicle is 
30 running (SI 06). When the lubricant temperature is equal to or higher than the 

minimum limit value (i.e., an affirmative determination is made in step S207), and is 
equal to or lower than the maximum limit value (i.e., an affirmative determination is 
made in step S208), the torque input to the automatic transmission 200 is calculated 
(S108). The energy input to the automatic transmission 200 is calculated (SI 10), and 
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then the lubricant amount is calculated based on the input energy, energy transmission 
efficiency, and the lubricant temperature (S212). The designated value corresponding 
to the calculated lubricant amount is output to the linear solenoid valve 134 (SI 14). 
Then, the calculated amount of lubricant is supplied to the automatic transmission 
5 200. 

[0063] Subsequently, a case where the lubricant temperature is low will be 
described. When the engine 104 is started, the operating state of the automatic 
transmission 200 is detected (SI 06). When it is determined that the lubricant 
temperature is lower than the minimum limit value (i.e., a negative determination is 

10 made in step S207), the minimum lubricant amount supplied to the automatic 

transmission 200 is calculated (S216). The designated value corresponding to the 
lubricant amount is output to the linear solenoid valve 134 (SI 14). Then, the 
minimum amount of lubricant is supplied to the automatic transmission 200. 

[0064] Subsequently, a case where the lubricant temperature is high will 

15 be described. When the oil cooler has a failure while the vehicle is running, the 

lubricant is not sufficiently cooled, and the lubricant temperature is increased. In this 
case, when the lubricant temperature is detected (SI 06), it is determined that the 
lubricant temperature is equal to or higher than the minimum limit value (i.e., an 
affirmative determination is made in step S207), and is higher than the maximum 

20 limit value (i.e., a negative determination is made in step S208). Therefore, the 

maximum lubricant amount is calculated (S214). The designated value corresponding 
to the lubricant amount is output to the linear solenoid valve 134 (SI 14). Then, the 
maximum amount of lubricant that the oil pump 400 can discharge is supplied to the 
automatic transmission 200. 

25 [0065] Thus, according to the lubricant amount control apparatus in the 

embodiment, the appropriate lubricant can be calculated based on the energy input to 
the automatic transmission 200 and the lubricant temperature. Therefore, the 
automatic transmission 200 can be efficiently lubricated. With this configuration, 
since the automatic transmission 200 does not need to be cooled when the lubricant 

30 temperature is low, only the lubricant amount required for lubricating the automatic 

transmission 200 is supplied. Accordingly, it is possible to suppress power loss of the 
oil pump 400 as compared to the case where the unnecessarily excessive amount of 
lubricant having large viscous resistance is supplied. Also, when the lubricant 
temperature is high, the maximum amount of lubricant that the oil pump 400 can 
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discharge is supplied. Therefore, it is possible to delay occurrence of damage such as 
seizure of the rotation element of the automatic transmission 200 due to decreases in 
properties of the lubricant including the oil film forming property. As a result, it is 
possible to provide the lubricant amount control apparatus which can make the 
5 lubricant amount in the power transmission mechanism appropriate based on the 
energy input to the power transmission mechanism and the lubricant temperature. 

[0066] In the lubricant amount control apparatus according to the 
embodiment, the lubricant amount that is calculated when the lubricant temperature is 
detected may be stored in the memory or the like. In this manner, it is possible to 

10 correct the lubricant amount that is calculated based on the input energy and the 
lubricant temperature. Therefore, accuracy of calculating the lubricant amount is 
improved, and the automatic transmission 200 can be efficiently lubricated. 

[0067] In the embodiment, the relation between the lubricant temperature 
and the lubricant amount when the input energy is constant is stored in advance in the 

15 ECT-ECU 100. Instead, a relation between the input energy and the lubricant amount 
when the lubricant temperature is constant may be stored in advance in the ECT-ECU 
100. In other words, an appropriate relation can be stored as map information 
according to a range of the input energy and a range of the lubricant temperature. 
Thus, it is possible to suppress an increase in data to be stored in advance, and to 

20 decrease a time required for calculating the lubricant amoimt. 

[0068] When the invention has been described with reference to 
exemplary embodiments thereof, it is to be understood that the invention is not limited 
to the exemplary embodiments or constructions. To the contrary, the invention is 
intended to cover various modifications and equivalent arrangements. In addition, 

25 while the various elements of the exemplary embodiments are shown in various 
combinations and configurations, which are exemplary, other combinations and 
configurations, including more, less or only a single element, are also within the spirit 
and scope of the invention. 
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